Cellular mechanisms of fatigue in skeletal muscle.
Prolonged activation of skeletal muscle leads to a decline of force production known as fatigue. In this review we outline the ionic and metabolic changes that occur in muscle during prolonged activity and focus on how these changes might lead to reduced force. We discuss two distinct types of fatigue: fatigue due to continuous high-frequency stimulation and fatigue due to repeated tetanic stimulation. The causes of force decline are considered under three categories: 1) reduced Ca2+ release from the sarcoplasmic reticulum, 2) reduced myofibrillar Ca2+ sensitivity, and 3) reduced maximum Ca(2+)-activated tension. Reduced Ca2+ release can be due to impaired action potential propagation in the T tubules, and this is a principal cause of the tension decline with continuous tetanic stimulation. Another type of failing Ca2+ release, which is homogeneous across the fibers, is prominent with repeated tetanic stimulation; the underlying mechanisms of this reduction are not fully understood, although several possibilities emerge. Changes in intracellular metabolites, particularly increased concentration of Pi and reduced pH, lead to reduced Ca2+ sensitivity and reduced maximum tension, which make an important contribution to the force decline, especially with repeated tetanic stimulation.